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An Assessment of MEG Coherence Imaging in the Study of Temporal Lobe Epilepsy
• 30 Epilepsy patients (11 males, 19 females) with medical refractory partial temporal lobe epilepsy. Ages range was 17 to 65 years (mean 37 + 12 years) • MEG studies performed over a five year period (2000 -2005) .
• Seizure onsets ranged from infancy to 55 years (median 9.5 years; mean 12 + 12 years) and the duration of seizures from 1 to 49 years (median 16.5 years, mean 18 + 12 years).
• Eleven subjects (3 males, 8 females) without neurological disorders, aged 19 to 49 years (mean 30 + 10 years), were designated controls.
• 148 channels MEG : Magnetometers (4-D Neuroimaging Magnes WH2500) • Data were sampled at 508Hz, 0.01-100Hz, then frequency filtered 3-50Hz.
• Spontaneous (Resting State) brain activity: subjects kept their eyes open for 10 minutes.
During eyes open subjects fixated on a point on the ceiling of the room. • Single equivalent current dipole (ECD) analysis was performed and coregistration with MRI (Bowyer 2003) . These were calculated using the dipole fit routine for visually identifying interictal epileptic spikes which met certain selection criteria (R>0.98, GoF >0.95, RMS>400fT, Q value > 200nAm, and CV <1.0cm3 Optimal outcomes in epilepsy surgery are dependent on an accurate estimation of the location of ictal onset. For temporal lobe epilepsy (TLE), a number of distinct electrographic and imaging characteristics have been identified which provide ample but, at times, incomplete information for a final determination. MEG has been used effectively to guide electrode placement for ECoG (Sutherling, Mamelak et al. 2008) and results from ECoG studies of TLE patients have been found to be concordant with preoperative MEG study (Knowlton, Elgavish et al. 2006) . In a study of 455 epilepsy patients, MEG was found to have a 70% sensitivity in identifying a site of epileptogenicity (Stefan, Hummel et al. 2003) . Moreover, in a subset of 131 patients who underwent surgical therapy, MEG identified the lobe to be treated in 89%. Abnormal transients and oscillations of spontaneous cerebral electric activity are found in MEG, EEG and ECoG. These transient waveforms and oscillations can be quantified by applying a time-frequency decomposition technique such as short-time Fourier transform (stFFT) (Portnoff 1980) . Increased levels of several synchronization measures in the involved hemisphere during the interictal period have been reported using both EEG (Kraskov 2004) and MEG (Salmelin and Kujala 2006) demonstrating that functionally connected neural networks can be detected directly from real-time MEG data. In order to further demonstrate the utility of MEG in confirming the site of epileptogenicity in TLE, a comparison with surgical outcomes was performed. A seizure-free postoperative outcome was chosen as the most absolute determinant of a focal epileptogenicity and, therefore, an appropriate measure of the accuracy of prediction using coherence analysis
• Class I outcomes were identified in 26/30 cases (87%). Class Ia outcomes comprised 22/26 (85%). 4 patients retained disabling seizure activity postoperatively rendering suboptimal Engel classifications [cases 7, 10, 14, 21 ].
• Of the 19 cases in which MTS was not apparent on MR imaging, coherence analysis provided localizing data that predicted a class I outcome in 11/19 (58%). In the remaining 8 cases, coherence analysis was not useful in 5 (cases 3, 11, 14, 29, 30) and predicted incorrectly the site of epileptogenicity in 3 (cases 7, 10, 21) even though the findings agreed with those of the prior investigation.
• Sites of high coherence (Figs 1, 2) coincided with the respective site of resection in 23/30 (77%) patients (Table I) .
• An interhemispheric comparison of means coherence analysis of all 30 patients identified 0.089 (±0.013) for the resected side and 0.074 (±0.011) for the contralateral side. This difference was statistically significant (p<0.001).
• Using class I outcome results (i.e., absence of disabling seizures) as a measure of success, the mean coherence value was found to be 0.26 ± 0.03. • Control subjects demonstrated no areas of high coherence, as expected, and a lower mean coherence value (0.17 ± 0.09). A diffuse pattern appeared scattered over and near the cerebral mantle was seen in control subjects (Fig 3) .
• The difference in means between controls and patients was statistically significant (p = 0.007).
• Coherence analysis identified the site of epileptogenicity in 16/22 (73%) TLE patients who had a class Ia outcome.
• Of the 11 patients without epileptiform activity (negative ECD), 8 could still be analyzed and localized effectively using coherence analysis to achieve a class Ia outcome (Fig. 2 , Table I ).
• Of the 7 patients (cases 3, 11, 12, 14, 16, 29, 30 ) who could not be localized by coherence analysis, 3 (cases 11, 12, 29) showed no epileptiform activity during the study and could not be analyzed by ECD method whereas three others (cases 14, 16, 30) could be correctly localized. In the final patient (case 3), neither method adequately localized the site of epileptogenicity. Despite such discrepancies all patients achieved class Ia outcomes except case 14 (IIIa).
• A comparison of the ECD and coherence analyses for the 26 patients with class I outcomes identified a strong trend toward the coherence method. A match rate for the coherence method was 76.9% compared with a 50% match rate for the ECD method (p = 0.065).
• No epileptiform activity was identified in 11 patients (37%) and, of the 19 remaining cases with ECD localizations, 13/19 (68%) achieved class I outcomes. Of the entire study population of 30 patients, ECD analysis provided information indicating a favorable outcome (i.e., class I) in 50%.
• Nine patients had a class Ia outcome with an additional 4 patients achieving class Ib-d outcomes and 3 others, class II or III outcomes. Of the 14 patients who could not be localized, 11 had no epileptiform activity (all had class Ia outcomes), one (case 3) showed dipoles contralateral to the side of resection (i.e., left temporal) in the right frontal lobe in addition to the left insula and 2 (cases 21, 25) lateralized correctly but with insufficient clustering of dipoles in the temporal lobe. Despite this lack of concordance, 2/3 latter patients (cases 3, 25) achieved a class Ia outcome whereas the remaining patient (case 21) had a class IIa outcome.
• Coherence analysis with MEG provides superior lateralization of TLE when compared to the more commonly used ECD method.
• The sensitivity of the ECD method is diminished by indeterminacy in several cases reducing its value to 41% compared to 73% with coherence analysis in this study. • Using Engel class I outcomes, a match rate for lateralization of 77% was achieved with coherence analysis.
• Coherence analysis provides complementary information in the assessment of TLE and is useful as a preoperative investigative tool.
Transients and oscillations of brain electric activity are found in MEG, EEG and ICEEG recordings of spontaneous brain activity. These transient waveforms and oscillations can be quantified by applying a time-frequency decomposition technique such as the shorttime Fourier transform (sFFT). After transformation to a time frequency representation, the strength of network interactions can be estimated by calculation of coherence, which is a measure of synchrony between signals from different brain regions for each FFT frequency component.
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Objective: This study examines the capability of magnetoencephalographic (MEG) coherence imaging to localize the site of epileptogenicity in patients with medically intractable temporal lobe epilepsy. Methods: An archival review of single equivalent current dipole (ECD) MEG analysis of 30 presurgical temporal lobe epilepsy (TLE) patients was undertaken with data extracted subsequently for coherence analysis by a blinded reviewer. Postoperative outcome was assessed by Engel classification. MEG coherence images were generated from 10 minutes of spontaneous brain activity with the patient in a resting state. The mean coherence across frequencies between 3-50 Hz was calculated to locate areas of high coherence. These areas were then compared to surgically resected brain areas outlined on MRI. The sequence of coherence images was averaged for left and right hemispheres to study the hemispheric dynamics and ascertain the laterality of the epileptic network. Reliability between runs was established by calculating the correlation between epochs. Statistical differences between coherence values of patients and controls were established. Results: With the ECD method, 11 (37%) cases were indeterminate and an overall match rate for Engel class I outcomes was determined to be 50%. With coherence analysis a match rate for overall Engel class I outcomes of 76.9% was determined. 
